Both SM proteins (for Sec1/Munc18-like proteins) and SNARE proteins (for soluble NSF-attachment protein receptors) are essential for intracellular membrane fusion, but the general mechanism of coupling between their functions is unclear, in part because diverse SM protein/SNARE binding modes have been described. During synaptic vesicle exocytosis, the SM protein Munc18-1 is known to bind tightly to the SNARE protein syntaxin-1, but only when syntaxin-1 is in a closed conformation that is incompatible with SNARE complex formation. We now show that Munc18-1 also binds tightly to assembled SNARE complexes containing syntaxin-1. The newly discovered Munc18-1/SNARE complex interaction involves contacts of Munc18-1 with the N-terminal H abc domain of syntaxin-1 and the four-helical bundle of the assembled SNARE complex. Together with earlier studies, our results suggest that binding of Munc18-1 to closed syntaxin-1 is a specialization that evolved to meet the strict regulatory requirements of neuronal exocytosis, whereas binding of Munc18-1 to assembled SNARE complexes reflects a general function of SM proteins involved in executing membrane fusion.
very eukaryotic cell relies on the precise and regulated trafficking of proteins, membranes, and other types of cargo between cellular compartments. The molecular machinery responsible for membrane traffic is partly conserved to provide for basic membrane fusion and fission reactions and is partly cell type-and compartment-specific to meet the unique requirements of a particular cellular locale (1) . Neurons have arguably the most complex membrane trafficking of all cells, primarily because synaptic transmission requires continuous (but at the same time tightly regulated) synaptic membrane traffic. At a synapse, neurotransmitter release is effected by fusion of synaptic vesicles with the presynaptic plasma membrane. Synaptic vesicle fusion requires two conserved protein families that are universally involved in membrane fusion reactions: SNARE proteins, which are thought to pull membranes together by forming tight ''SNARE complexes,'' and Sec1/Munc18-like proteins (SM proteins), which perform an unknown but essential role in fusion and interact with SNARE proteins (reviewed in refs. [2] [3] [4] .
Synaptic vesicle exocytosis involves one SM protein (Munc18-1) and three SNARE proteins (synaptobrevin/VAMP on synaptic vesicles, and SNAP-25 and syntaxin-1A/1B on the plasma membrane; syntaxin-1A and -1B are highly homologous and thought to have identical functions). All SNARE proteins contain a conserved 60-to 70-residue sequence, the SNARE motif, that assembles into a four-helical bundle during SNARE complex formation (5) . Synaptobrevin/VAMP and SNAP-25 are ''minimal SNARE proteins'' that are composed of one (synaptobrevin) or two (SNAP-25) SNARE motifs and a membraneanchor sequence. In syntaxin-1, however, the SNARE motif and transmembrane region occupy less than half of the sequence, with the remainder (the N-terminal Ϸ180 residues) consisting of a conserved but natively unstructured N-terminal sequence, an autonomously folded three-helical H abc domain (6) , and a linker sequence (Fig. 1a) . Interestingly, syntaxin-1 exists in two alternative conformations: a ''closed'' conformation in which the H abc domain folds back onto the SNARE motif, preventing its engagement into SNARE complexes, and an ''open'' conformation in which the SNARE motif is exposed to participate in SNARE complex formation (7) .
SM proteins are composed of a conserved Ϸ600-aa sequence that folds into an arch-shaped structure containing three domains (for Munc18-1; see refs. 8 and 9). In all membrane fusion reactions, SM proteins are as essential as SNARE proteins; in fact, at the vertebrate synapse, deletion of Munc18-1 has more severe consequences than deletion of either synaptobrevin or SNAP-25 (10) (11) (12) . The first clue to the function of SM proteins was obtained from the observation that Munc18-1 directly binds to syntaxin-1A (13) (14) (15) , but this function has remained enigmatic, in part because of the diversity of SM protein/SNARE interactions that have been described. Specifically, four types of interactions were observed: (i) Munc18-1 binds tightly to the closed conformation of syntaxin-1A that is incompatible with SNARE complex formation (7, 16); Munc18-1 was also reported to bind to the syntaxin-1/SNAP-25 heterodimer and to be released when synaptobrevin-binding completes SNARE complex formation (17) . (ii) Sec1p binds to assembled SNARE complexes but not to the isolated syntaxin-1 homologues Sso1/2p (18, 19) . (iii) Sly1, Vps45, and Munc18c bind to short N-terminal sequences in their cognate syntaxins, an interaction that is compatible with either a closed conformation of syntaxin outside of a SNARE complex or an open conformation within a SNARE complex (20) (21) (22) (23) (24) (25) (26) . (iv) Vps33 is part of the large HOPS complex that interacts with assembled SNARE complexes, at least in part by binding to the N-terminal PX domain of the SNARE protein Vam7p (27, 28) .
The different modes of SM protein/SNARE interactions may reflect different regulatory requirements of membrane traffic in different systems. However, the requirement for both protein families in intracellular membrane traffic suggests a common mechanism of SM protein/SNARE coupling that underlies the key function of SM proteins in membrane traffic. Previous studies suggested that, among SM proteins, only Munc18-1 cannot bind to assembled SNARE complexes (e.g., see ref. 16 ). However, membrane fusion may generally involve binding of SM proteins to assembled SNARE complexes (29) , and such binding may have been missed for Munc18-1 in previous studies because it was masked by the extremely high affinity of the Munc18-1/ syntaxin-1 binary interaction. We therefore have now reinvestigated whether Munc18-1 directly binds to SNARE complexes, and we show that Munc18-1 indeed interacts directly with the assembled neuronal SNARE complex in addition to isolated syntaxin-1 in the closed conformation. Together with increasing evidence for SM protein/SNARE complex interactions in other systems (18, 19, 24, 25, 30) , our data strongly suggest that all SM proteins may be united by binding directly or indirectly to assembled SNARE complexes.
Results
Munc18-1 Coelutes with the Neuronal SNARE Complex in Gel Filtration. To test the possibility that Munc18-1 might bind to the neuronal SNARE complex, we used methods that detect interactions in solution, do not require tags, and are not as prone to artifacts as GST pull-downs. Gel filtration of purified neuronal SNARE complexes containing the almost complete cytoplasmic region of syntaxin-1A (syntaxin-1A ) and the SNARE motifs of SNAP-25 and synaptobrevin revealed that the SNARE complex elutes considerably earlier than expected for its molecular mass (56.3 kDa) (Fig. 1b) . This elution behavior is probably due to the extended conformation of the complex, where the Nterminal region of syntaxin-1A containing the H abc domain (5.5 nm long) (6) is flexibly linked to the elongated four-helix bundle formed by the SNARE motifs (10.5 nm long) (5) (see the NMR analysis below). Munc18-1, on the other hand, elutes close to its expected molecular weight, consistent with its compact structure (Fig. 1b) . Strikingly, addition of stoichiometric amounts of the SNARE complex induced a marked shift in the elution volume of Munc18-1, showing that Munc18-1 interacts with the SNARE complex with a relatively high affinity. Note that these experiments used purified assembled SNARE complexes to exclude free syntaxin-1A and that the UV absorption was dominated by Munc18-1 because its extinction coefficient is considerably larger than that of the SNARE complex (Fig. 1b) .
Because the N-terminal sequence of various syntaxins has been previously implicated in interactions with SM proteins that are compatible with SNARE complex formation (20, 21) , we examined the role of the syntaxin-1A N-terminal sequence in the Munc18-1/SNARE complex interaction. Remarkably, SNARE complexes with a syntaxin-1A fragment containing a short N-terminal truncation (syntaxin-1A 10 -253 ) did not produce a significant shift in the mobility of Munc18-1 in gel filtration, showing that the syntaxin-1A N-terminal sequence is critical for binding of Munc18-1 to the SNARE complex (Fig. 1b) . In agreement with the previous notion that the N-terminal region of syntaxin-1A is not sufficient for Munc18-1 binding, we did not observe tight binding during gel filtration between Munc18-1 and a syntaxin-1A fragment containing its N-terminal region but not its SNARE motif (syntaxin-1A 1-180 ; data not shown). These results indicate that both the N-terminal sequence of syntaxin-1A and the four-helical bundle formed by the SNARE motifs of syntaxin-1A, synaptobrevin, and SNAP-25 contribute to the Munc18-1/SNARE complex interaction. This notion correlates with the observation that the elution volume of the SNARE complex decreases only slightly upon Munc18-1 binding (Fig. 1b) , suggesting that binding of both the syntaxin-1A N-terminal region and the SNARE four-helix bundle to Munc18-1 results in a compact structure with its longest dimension still dictated by the elongated SNARE four-helical bundle. This conclusion was further supported by dynamic light scattering experiments, which showed that the Munc18-1/SNARE complex ''hypercomplex'' is monodisperse and revealed only a slight increase in the apparent radius of the SNARE complex upon Munc18-1 binding (from 5.0 to 5.3 nm) [supporting information (SI) Fig. 5 ].
Confirmation of the Munc18-1/SNARE Complex Interaction by 1D NMR
Spectroscopy. 1D 13 C-edited 1 H NMR spectroscopy measures binding by monitoring the intensity of the strongest methyl resonance of a 13 C-labeled protein (SMRC), which can be observed with high sensitivity at low micromolar concentrations (31) . Binding of an unlabeled protein causes a decrease in the SMRC intensity of the 13 C-labeled protein because of the resonance broadening that results from the increase in molecular weight associated with complex formation; in contrast, no changes in SMRC intensity are expected if there is no binding. As shown in Fig. 1c , addition of increasing amounts of unlabeled purified SNARE complex containing syntaxin-1A 2-253 to 13 C-labeled Munc18-1 (2 M) led to a progressive decrease of its SMRC intensity. In contrast, addition of BSA (66 kDa) used as a negative control had no effect (Fig. 1d) . Direct SDS/PAGE analysis of the NMR sample containing 2.5 M SNARE complex confirmed that the SNARE complex was fully assembled and that free syntaxin-1A was barely detectable (SI Fig. 6 ). Curve fitting of the decrease in the SMRC intensity of 13 C-labeled Munc18-1 as a function of the SNARE complex concentration indicated a 1:1 stoichiometry with an estimated K D of 99 nM. Attempts to measure the affinity more accurately at lower 13 C-labeled Munc18-1 concentrations yielded more noisy data, but the estimated K D values (100 -300 nM) confirmed that Munc18-1 binds to the SNARE complex with a submicromolar affinity that is Ϸ10-fold lower than that of the Munc18-1/syntaxin-1 heterodimeric complex (data not shown). In additional experiments, addition of 5 M unlabeled SNARE complex containing the N-terminally truncated syntaxin-1A fragment (syntaxin-1A 10 -253 ) to 2 M 13 C-labeled Munc18-1 barely decreased its SMRC intensity (Fig. 1d) , confirming the importance of the syntaxin-1A N-terminal sequence for Munc18-1 binding.
Chemical Cross-Linking of Purified Munc18-1 to Assembled SNARE Complexes. Chemical cross-linking of samples containing Munc18-1 and assembled SNARE complexes with the syntaxin-1A 2-243 fragment revealed a major band containing SNAP-25 and synaptobrevin in addition to Munc18-1 and syntaxin-1A (Fig. 2) . This band was sensitive to boiling, indicating that the SNARE proteins present are at least in part associated in a non-cross-linked manner. A smaller band (open arrowhead in Fig. 2 ) also contained Munc18-1 and syntaxin-1A, but not synaptobrevin and SNAP-25, and was insensitive to boiling, suggesting that it is composed of the syntaxin-1A/Munc18-1
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Munc18-1 Note that the spectra were plotted at different contour levels to emphasize distinct features (e.g., spectra in b were plotted at lower contour levels than in a to reveal all observable cross-peaks in this region). (c) Superposition of the same expansions of a 1 H-15 N HSQC spectrum of syntaxin 2-180 (blue contours) at 28°C and a 1 H-15 N TROSY-HSQC spectrum of a minimal SNARE complex containing 2 H, 15 Nlabeled syntaxin SNARE motif (residues 191-253, magenta contours) at 32°C, which were used to assign the cross-peaks in a and b. complex, which cross-links very efficiently. Importantly, no cross-linking was observed in parallel experiments with a SNARE complex containing an N-terminally truncated syntaxin-1A 10 -243 fragment (Fig. 2) .
Analysis of the Munc18-1/SNARE Complex Interaction by 2D NMR
Spectroscopy. To further explore the Munc18-1/SNARE complex binding mode, we used 1 H- 15 N heteronuclear single quantum correlation (HSQC) spectra enhanced by transverse relaxation optimized spectroscopy (TROSY). These experiments were performed with a 70 M sample of a SNARE complex containing 2 H, 15 N-labeled syntaxin-1A 2-243 in the absence and presence of unlabeled Munc18-1 (Fig. 3) . The spectrum of the isolated SNARE complex (Fig. 3a , gray contours) exhibits severe overlap in the center because it includes cross-peaks from the H abc domain and SNARE motifs of syntaxin-1A (which are highly helical and have few aromatic residues), from its flexible N-terminal sequence (residues 2-27), and from the likely flexible linker between the H abc domain and the SNARE motif (residues 145-188). Despite this overlap, cross-peaks corresponding to the H abc domain and the SNARE motif could be unambiguously assigned in well resolved regions of the spectrum (e.g., Fig. 3b , gray contours) by comparison with a 1 H-15 N HSQC spectrum of the syntaxin-1A N-terminal region (residues 1-180) (Fig. 3c, blue contours) , and a 1 H-15 N TROSY-HSQC spectrum of a ''minimal SNARE complex'' corresponding to the four-helix bundle in which the syntaxin-1A SNARE motif was 2 H, 15 N-labeled (Fig. 3c, magenta contours) ; both of these spectra were assigned previously (6, 32) . Note that the cross-peaks from the H abc domain in the SNARE complex are much stronger than those from the SNARE motif (Fig. 3b , gray contours) because of the highly elongated nature of the four-helix bundle. These differential intensities show that the H abc domain and the four-helix bundle are indeed flexibly linked.
Addition of Munc18-1 led to severe broadening of most well resolved cross-peaks (Fig. 3 a and b, red contours) . Although attempts to improve the quality of the spectra to precisely map the syntaxin-1A residues involved in binding by increasing the protein concentration were hampered by sample precipitation, our 1 H-15 N TROSY-HSQC data show that both the H abc domain and the four-helix bundle participate in Munc18-1 binding. Note that, because both structural elements are flexibly linked, Munc18-1 binding to only one of these elements is not expected to perturb the other element so severely. Furthermore, Munc18-1 binding also broadened beyond detection the cross-peaks from Thr-5 and Thr-10 of the syntaxin-1A N-terminal sequence (Fig. 3a Inset) , confirming the involvement of this sequence in Munc18-1 binding to the SNARE complex. The picture that emerges from these results is that Munc18-1 binds to the SNARE complex in a multivalent interaction that involves the N-terminal sequence of syntaxin-1A, its H abc domain, and the SNARE four-helix bundle (see model in Fig. 4 ). This multivalency likely underlies the compact nature of the Munc18-1/SNARE complex hypercomplex indicated by our gel filtration and dynamic light scattering data.
Discussion
In eukaryotic cells, SNAREs and SM proteins are conserved components of the membrane fusion machinery. Previous studies suggested that SNAREs and SM proteins interact by diverse mechanisms: Munc18-1 (and likely Munc18-2) was shown to bind only to the closed conformation of syntaxin outside of the SNARE complex (7, 8, 16 ); Sly1, Vps45, and Munc18c were found to bind to the N-terminal sequences of their respective cognate syntaxins independent of whether they are in SNARE complexes (20, 21, 25, 26, 33) ; yeast Sec1p was observed to bind only to assembled SNARE complexes without participation of the N-terminal sequence of syntaxins Sso1/2p (18, 19) ; and Vps33p was found to bind to SNARE complexes by interacting with the PX domain of Vam7p (27, 28) . Faced with this diversity of interactions and the fact that, among SM proteins, only Munc18-1 did not bind to assembled SNARE complexes, we have reinvestigated how Munc18-1 interacts with SNARE proteins.
Our results now show that, contrary to previous notions (7, 8, 16 ), Munc18-1 binds to fully assembled neuronal SNARE complexes in addition to syntaxin-1 alone. Binding of Munc18-1 to the SNARE complex is stable during gel filtration (Fig. 1a) and was independently confirmed by 1D and 2D NMR spectroscopy (Figs. 1 c and  d and 3 ) and by chemical cross-linking (Fig. 2) . Furthermore, we show that the Munc18-1/SNARE complex interaction involves the N-terminal sequence of syntaxin-1, its H abc domain, and the fourhelix bundle of the SNARE complex (see model of Fig. 4) . Hence, our data establish that Munc18-1 engages in two distinct interaction modes with SNARE proteins: the well characterized binding to the closed conformation of syntaxin-1 (7, 8) and the novel binding to assembled SNARE complexes. The latter interaction was probably overlooked in previous studies because it depends on a free but intact N terminus of syntaxin-1, and most studies used either truncated or N-terminally fused syntaxin-1 (e.g., see ref. 16 ). The dual Munc18-1/SNARE binding mode emerging from our results suggests that, during synaptic vesicle exocytosis, Munc18-1 first binds to closed syntaxin-1 in an interaction that may help organizing the assembly of SNARE complexes, but at the same time may impose an energy barrier to SNARE complex formation. SNARE complex assembly on Munc18-1 then leads to formation of the hypercomplex containing Munc18-1 and the SNARE complex by a mechanism that requires opening of syntaxin-1 and is likely assisted by other factors such as Munc13 (34-36) . Model for the interactions of Munc18-1 with synaptic SNARE proteins. The diagram on the left exhibits the binding of Munc18-1 to the closed conformation of syntaxin-1 that is thought to operate before priming and fusion of synaptic vesicles, although this point has not been demonstrated. The diagram on the right displays the binding of Munc18-1 to assembled SNARE complexes during the fusion reaction, which may prevent diffusion of SNARE complexes into the space between the membranes or actively pull the SNARE complexes apart to open the fusion pore. Munc18-1 is shown contacting the membranes through two regions at opposite ends of the central cavity because these regions contains abundant basic residues, but diffusion of the SNARE four-helix bundle to the middle could also be hindered by steric and/or electrostatic repulsion with the membranes if Munc18-1 adopts a different orientation.
General Features of the SM Protein Interaction with SNARE Proteins.
Because Munc18-1 was the only SM protein that was thought to be unable to bind to SNARE complexes, the current finding that Munc18-1 in fact does bind to such complexes suggests that SM proteins are united by a common interaction, directly or indirectly, with SNARE complexes. However, only for Sec1p in yeast (18) and for Munc18-1 (Fig. 3) was there any demonstrated contact between the SM protein and the fourhelix bundle of the assembled SNARE complex, and it is thus unclear whether such a binding mode is general. Among all SM proteins, Munc18-1 (and possibly Munc18-2) is unique in that it appears to interact with SNARE proteins in two distinct modes (see model in Fig. 4) : the previously described binding to the closed conformation of syntaxin-1 (7, 8) and the binding to assembled SNARE complexes described here. Of these binding modes, the first mode appears to be an evolutionary specialization that may have emerged to accommodate the exquisite spatial and temporal requirements of neuronal exocytosis. Specifically, the extremely high levels of SNARE proteins in nerve terminals may necessitate an additional control of SNARE complex assembly, a control that could be provided by the binding of Munc18-1 to the closed conformation of syntaxin-1. Future studies are needed to examine whether this interaction is in fact functionally important and to test this hypothesis. In contrast, the second mode appears to be a general mechanism that mediates fusion and is equivalent to many other SM protein/SNARE interactions.
Function of Munc18-1 and Other SM Proteins in Fusion.
The shared binding, directly or indirectly, of all SM proteins to assembled SNARE complexes is likely associated with a common function in membrane fusion. Munc18-1 was initially proposed to have an active role in fusion as an essential part of a hypothetical fusion machinery (13, 37) , a notion that is attractive considering the large size and evolutionary conservation of SM proteins. Conversely, overexpression experiments suggested that Munc18-1 may act as an inhibitor of exocytosis (38) , but a role merely as an inhibitor was ruled out by the total abrogation of neurotransmitter release observed in Munc18-1-deficient flies and mice (10, 39) . Another hypothesis posits that Munc18-1 and other SM proteins serve as platforms for the assembly of cognate SNARE complexes (reviewed in ref. 37) . Because SNARE complexes can assemble in both parallel and antiparallel fashions (40) , such a role could ensure the proper orientation and specificity in SNARE complex formation. However, a role for SM proteins in providing SNARE complex specificity is difficult to reconcile with the relatively small number of SM proteins in yeast (four) and vertebrates (seven). A specific hypothesis for how Munc18-1 may play an active role in fusion (a hypothesis that motivated in part the present study) suggests that binding of the bulky Munc18-1 to assembling SNARE complexes may prevent diffusion of the thin, elongated, four-helix bundle to the center of the space between the membranes, where they could inhibit fusion (29) . However, the precise geometry and dynamics of assembling SNARE complexes in membranes that are about to fuse remain to be established. Regardless of these possibilities, it seems likely that the active role of Munc18-1 in release is associated with its interaction with the SNARE complex uncovered here.
Materials and Methods
Plasmids and Recombinant Proteins. Constructs for bacterial expression of synaptobrevin and SNAP-25 recombinant fragments were described previously (32) . Constructs for bacterial expression of syntaxin-1A fragments were generated by standard PCR-based procedures and subcloned into pGEX-KT (41) vector. Recombinant proteins were expressed as GST fusions in bacteria and purified essentially as described (7) . After thrombin cleavage to release the recombinant proteins from the GST moiety, all syntaxin-1A recombinant fragments have two additional N-terminal residues (Gly-Ser) derived from the vector. Recombinant fulllength rat Munc18-1 was expressed in bacteria as a GST fusion protein, affinity-purified on glutathione-Sepharose beads, cleaved on beads with thrombin, eluted in a buffer containing 50 mM Tris⅐HCl (pH 8.0)/200 mM NaCl/2 mM DTT/1 mM EDTA/1 mM EGTA/1 mM AEBSF/Sigma Protease Inhibitors mixture/0.3% CHAPS, and further purified by size-exclusion chromatography on a S200 Superdex column (Amersham Biosciences, Pittsburgh, PA) in a buffer suitable for the following gel filtration or NMR experiment.
Assembly and Purification of SNARE Complexes. SNARE complexes were assembled from highly purified recombinant fragments of rat synaptobrevin 2 (residues 1-96), rat syntaxin-1A (residues 2-253 or 10-253), and human SNAP-25 (residues 11-82 and 96-111) by overnight incubation at 32°C in 50 mM Tris⅐HCl (pH 7.4)/150 mM NaCl/2 mM TCEP/1 mM EDTA/1 mM EGTA/1 mM AEBSF/ Sigma Protease Inhibitor mixture using Ϸ40-50 M syntaxin and an Ϸ1.5 molar excess of all other SNAREs. The efficiency of SNARE complex formation was Ϸ85-90% as judged by nonreducing SDS/PAGE. The assembled SNARE complexes were purified from unassembled fragments by size-exclusion chromatography on S200 Superdex column (Amersham Biosciences).
Gel Filtration Experiments. Purified SNARE complexes and Munc18-1 were incubated singly or together in a 200-l volume at 4 M in 40 mM Tris⅐HCl (pH 7.3)/100 mM NaCl/2 mM TCEP. Samples were cleared by centrifugation at 16,000 ϫ g at 4°C and applied to a Superdex S200 (10/300GL) column (Amersham Biosciences).
Cross-Linking Experiments. Cross-linking was performed with highly purified recombinant proteins at low micromolar concentrations at approximately equimolar ratios in 150 mM NaCl/25 mM Hepes (pH 7.6)/1 mM EDTA/protease inhibitors. All samples were treated with 5 mM EDC (Pierce, Rockford, IL) for 2 h on ice. Excess of cross-linker was quenched by adding 2-mercaptoethanol. Samples were analyzed by SDS/PAGE and immunoblotting that were performed by using standard protocols.
NMR Spectroscopy. Proteins were uniformly labeled by growing bacteria in M9 minimal medium containing 15 NH 4 Cl (CIL) as the sole nitrogen source (for 15 N-labeling) or 13 C 6 -glucose as the sole carbon source (for 13 C-labeling) with H 2 O or D 2 O as a solvent. For the experiments with full-length Munc18-1, syntaxin-1A 2-243 / Munc18-1 complexes were initially assembled at low protein concentration (Ͻ10 M) and concentrated to a 0.2 mM final concentration by using 30,000 MNWL concentrator (Millipore, Billerica, MA). 1D 13 C-edited 1 H NMR spectra were measured on a Varian INOVA600 spectrometer at 25°C in 20 mM sodium phosphate (pH 7.1)/150 mM NaCl/2 mM DTT, acquiring the first trace of a 1 H-13 C HSQC spectrum (1,500 scans; 30-min total acquisition time). 2D 1 H- 15 N HSQC spectra of SNARE complexes were acquired at 28°C on a Varian INOVA600 spectrometer equipped with a cold probe (total acquisition times 2-24 h) except for the spectrum of the minimal SNARE complex that was described previously (32) . All data were processed with NMRPipe (42) and analyzed with NMRView (43) .
Note Added in Proof. After this paper was accepted for publication, Shen et al. (44) also reported findings that Munc18-1 binds to the neuronal SNARE complex. This work was supported by National Institutes of Health Grant NS37200 (to J.R.).
